Angular distributions of the elastic scattering of the 6,7 Li on 138 Ba were measured, in the energy range 21 рE lab р32 MeV. The analysis of the data was performed via the optical model, using the Woods-Saxon potential, in order to find the energy dependence of the real and imaginary parts of the nuclear potential. The existence of a threshold anomaly for the 7 Li scattering and its absence for the 6 Li one was observed. It is interpreted that the breakup of 6 Li, with dissociation energy smaller that its first excited state, is responsible for the vanishing of the threshold anomaly. ͓S0556-2813͑99͒01404-1͔ PACS number͑s͒: 25.70. Mn, 24.10.Eq, 25.60.Gc 
I. INTRODUCTION
The existence of the threshold anomaly in the interacting potential for the elastic scattering has been found for many systems ͑see, for instance, Refs. ͓1,2͔ and references therein͒. This anomaly shows up as a localized peak in the real part of the interacting potential ͑usually assumed as an optical potential or doubled folding potential͒ in the neighborhood of the Coulomb barrier and it is associated with the decrease of the imaginary part of the interacting potential in the same energy region. It has been shown that this correlation between the real and imaginary parts of the interacting potential is due to causality and consequently that they obey the dispersion relations ͓3͔.
For instance, coupled channel calculations carried out for the system 16 
Oϩ 208
Pb ͓4͔ have shown that the behavior of the optical potential can be explained by taking into account the inelastic and transfer channels, typically surface reactions, in the coupling scheme. This anomaly in the behavior of the reaction potential due to the closure of the direct surface reaction channels, at energies near the Coulomb barrier, leads to the enhancement of the fusion cross section ͓3,5͔.
A subject of increasing interest in recent years is the investigation of the effect of the breakup channel on the other reaction channels when weakly bound projectiles, like 6, 7 Li, impinge on heavy targets.
6 Li and 7 Li have similar structures and show almost the same behavior at high energies, but their differences become evident at low energies. 6 Li has a threshold breakup (␣ϩd) of 1.48 MeV, smaller than the dissociation energy of the 7 Li(␣ϩt), 2.45 MeV. The 6 Li nucleus does not have excited states strongly coupled to the ground state ͑its first excited state is 2.185 MeV͒, and it is spherical in its ground state, whereas the 7 Li nucleus is deformed in its ground state and its first excited state ͑0.477 61 MeV͒ is strongly coupled to the ground state. The excitation of this state should produce an attractive polarization potential. As a result of the characteristics of these projectiles, it was suggested ͓6͔ that their dissociations should influence the behavior of the real part of the optical potential at energies near the Coulomb barrier, leading to the absence of the threshold anomaly. This effect could be interpreted as an inhibition of the fusion process by the breakup of the projectile, as predicted ͓7,8͔ and measured for the light systems ͓9͔. The small separation energies for the 6 Li and 7 Li favors the breakup process, but the consequence of that on the fusion and elastic scattering cross sections is not yet clear. The understanding of the role of the breakup on the reaction mechanisms, for these projectiles, is also quite important, as a reference for studies with 11 Li projectiles. Keeley and co-workers ͓10͔ analyzed the elastic scattering of 6, 7 Li on 208 Pb at energies near the Coulomb barrier. They have found the absence of the threshold anomaly of the interacting potential for the 6 Li projectile and its presence for the 7 Li projectile. In their work they used a doublefolded potential for the real part of the interacting potential and the Woods-Saxon potential for the imaginary part. Further experimental investigation on this subject, with other systems, is required in order to confirm this effect.
In Ba is a spherical neutron magic nucleus and it is expected that the collective excitations of the target, vibrational like, do not play an important role for these reactions.
Section II of this paper is devoted to describing the experiment. In Sec. III we present the results of the optical model calculations, and finally, in Sec. IV, some conclusions are drawn.
II. EXPERIMENTAL DETAILS
The experiments were performed at the 8UD Pelletron accelerator of the University of São Paulo. The C and 16 O contaminations were detected and they were used in the energy calibration of the spectra. Four targets were mounted at the center of a 1 m diameter scattering chamber.
The detection system was an array containing nine silicon surface barrier detectors, placed at 40 cm from the target. The detector thicknesses were 150 m. The angular separation between two adjacent detectors was 5°. In front of each detector there was a set of collimators and circular slits for the definition of solid angles and to avoid slit-scattered particles. The angle determination was made by reading on a goniometer with a precision of 0.5°. A monitor was placed at 30°with the beam direction. The energy resolutions of the detectors were of the order of 300-500 keV ͓full width at half maximum ͑FWHM͔͒, good enough to separate the elastic peak from the inelastic scattering to the first excited state of 138 Ba and of Li isotopes peaks. The angular distribution data were taken in the range 25°р lab р135°. The relative solid angles of the detectors were determined by the Rutherford scattering of lithium isotopes on the 138 Ba target, at the same angle.
The uncertainties in the differential cross section data vary from 1% to 10% for the elastic scattering. The inelastic scattering was not analyzed in this work, due to its very low statistic.
III. ELASTIC SCATTERING ANALYSIS
For the theoretical description of the experimental angular distributions, the optical model was used, considering an optical potential in the form
V 0 and W 0V are the real and volume imaginary strengths and r i and a i their reduced radii and diffusenesses, respectively. f (r,R i ,a i ) is the form factor of the Woods-Saxon potential and V Coul is the Coulomb potential of a uniform charged sphere with radius R C ϭ1.22(A p 1/3 ϩA t 1/3 ). A p and A t are the projectile and target mass, respectively.
All the calculations were performed using the ECIS code ͓11͔. As a starting point in the determination the optical potential parameters, a 2 -fit procedure was carried out, adjusting the radii and diffusenesses at the highest of energies, where nuclear effects are expected to be more significant.
Any attempt to fit the experimental data has failed. These results showed the need for the inclusion of a surface imaginary part W S of derivative form:
The presence of the surface imaginary potential indicates that some direct reaction processes, like inelastic scattering, transfer, or breakup ͑with surface form factor͒, could play an important role in the reaction process for these systems.
With the inclusion of the surface potential, a new fit procedure was carried out, assuming the radius of the real and surface parts of the optical potential to be equal. Then, these values were fixed as r v ϭr s ϭ1.239 fm, r w ϭ1.14 fm for the 6 Liϩ 138 Ba system and r v ϭr s ϭ1.237 fm, r w ϭ1.14 fm for the 7 Liϩ 138 Ba system. Using these radii we tried to find some families of optical potential parameters that equally well describe the angular distributions. The details of these procedures can be found in Refs. ͓5,12,13͔. Considering the diffusenesses a v ϭa w ϭa s , and varying them within the interval from 0.50 fm to 0.80 fm, in steps of 0.05 fm, the values of the potential strength were derived. Tables I and II Ba systems, respectively, for different energies and some diffuseness values. These sets describe equally well the angular distributions; i.e., they give similar 2 values. For some diffusenesses, more than one set of potential strengths described almost the same way the experimental angular distributions. In order to remove this ambiguity, the well-known linear behavior of the reaction cross section with the inverse of energy for energies above the Coulomb barrier was used to fix the optical potential parameters.
The objective of this procedure is to reduce the ambiguities of the optical potential parameters by finding the socalled radius of sensitivity ͓5,12,13͔, in order to find the energy dependence of the optical potential at this radius. It corresponds to the radius where potentials, giving comparable fits to the data, have the same value. From Tables I and II , one can notice the high sensibility of the potential strengths to the changes of the diffusenesses. The reason for this dependence is evident: to obtain the same value of the real and imaginary parts of the potential at the radius of sensitivity, one has to have deeper potential if their diffusenesses are smaller and vice versa. Another feature of the potential sets of Tables I and II is a general trend to increase the volume imaginary part of the optical potential and to decrease the surface imaginary potential as the energy grows. This is in agreement with the prescriptions of the optical model. The increase of the volume part of the optical potential corresponds to the growth of the fusion cross section as the energy increases at near barrier energies. The decrease of the surface part of the optical potential indicates the importance of the surface excitations, like inelastic scattering, transfer and nuclear breakup, at near-barrier energies, and the lack of importance of these channels at higher energies. From Tables I and II one can see that the energy dependence of the real part of the potential is smooth, when compared with the imaginary parts. Figures 1 and 2 Ba systems, respectively.
In Figs. 3 and 4, the energy dependence of the potentials at these radii for both systems is shown. The points represent the values of the real and imaginary potentials, evaluated at the radius of sensitivity for each system. The error bars represent the range of deviation of the potential, corresponding to distinct sets of parameters with different values of diffusenesses and roughly the same 2 . The solid lines represent the results of the calculations using the dispersion relations ͓1͔.
From Fig. 3 a rather smooth energy dependence of the real and imaginary parts of the optical potential can be seen, except for the lower one, Eϭ21 MeV, measured at subbarrier Coulomb energy. This indicates that no optical potential anomaly is present near the Coulomb barrier for the system 6 Liϩ 138 Ba. The opposite situation occurs with the system 7 Liϩ 138 Ba. From Fig. 4 one can see an anomalous energy dependence of both potentials at the lowest energies, near the energy corresponding to the Coulomb barrier. The imaginary optical potential increases rapidly at near-barrier energies and then drops slowly. This, according to the dispersion relations ͓1͔, leads to a real potential shown in the upper part of Fig. 4 . The decrease of the imaginary potential at high energies is forced by the values of the real potential at 28, 30, and 32 MeV. However, if one imposes a constant value for the imaginary potential for energies above the Coulomb barrier, which is allowed by the size of the error bars, the threshold anomaly is still present, and only the fit of the real potential is slightly affected.
The results of the analysis show important differences in the elastic scattering of the two lithium isotopes. Of course, as one has the same target for both systems, one should expect that the difference between their elastic scattering should not be governed by the inelastic excitations of the target, but by the structural characteristics of the projectiles.
The presence of the anomaly for the 7 Li elastic scattering can be interpreted as the effect of the strong couplings with 
